Heterocyclic Compounds and their Preparation and Use 



5 Field of the Inventi o n 



The present invention relates to therapeutically active azabicyclic compounds, a 
method of preparing the same and to pharmaceutical or veterinary compositions 
comprising the compounds. The novel compounds are useful in treating a disease 

10 in the central nervous system caused by malfunctioning of the muscarinic cholin- 

o ergic system. 

•,fk 

g Background of the* lnvg n tjn n 

m Due to the generally improved health situation in the western world, elderly- 
□ related diseases are much more common now than in the past and are likely to 
j^t be even more common in the future. 



20 



25 



One of the elderly-related symptoms is a reduction of the cognitive functions. 
This symptom is especially pronounced in the pathophysiological disease known 
as Alzheimer's disease. This disease is combined with, and also most likely 
caused by, an up to 90% degeneration of the cholinergic neurons in nucleus ba- 
salis, which is part of substantia innominata. These neurons project to the pre- 
frontal cortex and hippocampus and have a general stimulatory effect on the 
cognitive functions of the forebrain as well as of hippocampus, namely learning, 
association, consolidation, and recognition. 



It is a characteristic of Alzheimer's disease that although the cholinergic neurons 
degenerate, the postsynaptic muscarinic receptors in the forebrain and hip- 
30 pocampus still exist. Therefore, muscarinic cholinergic agonists are useful in the 
treatment of Alzheimer's disease, in halting progression of Alzheimer's disease, 
and in improving the cognitive functions of elderly people. 
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The compounds of this invention are also useful analgesic agents and therefore 
useful in the treatment of severe painful conditions. 

Furthermore, the compounds of this invention are useful in the treatment of 
glaucoma, psychosis, mania, bipolar disorder, schizophrenia or schizophreniform 
conditions, depression, bladder dysfunctions, anxiety, sleeping disorders, epi- 
lepsy, cerebral ischemia and gastrointestinal motility disorders. 

Summary of the Invention 

It is an object of the invention to provide new muscarinic cholinergic'compounds. 

The novel compounds of the invention are heterocyclic compounds having for- 
mula I 



wherein W is oxygen or sulphur; R is selected from the group consisting of hy- 
drogen, amino, halogen, NHR 6 , NR 6 R 7 , R 4 , -OR 4 , -SR 4 , -S0R 4 , -S0 2 R\ C 3 . 10 - 
cycloalkyl, C^-fcycIoalkylalkyl), -Z-C 3 _ 10 -cycIoalkyl and -Z-C 4 . 12 -(cycloalkylalkyl) 
which is optionally substituted with C^-alkyl; R 4 is selected from the group con- 
sisting of C^g-alkyl, C 2 . 15 -alkenyl, C 2 . 15 -alkynyl and C 4 _ 15 -alkenynyl, each of which 
is optionally substituted with one or more independently selected from the group 




(I) 



S 



WO 97/34899 



PCT/DK97/00120 



3 



consisting of halogen(s), -CF 3 , -CN, Y, phenyl and phenoxy wherein phenyl or 
phenoxy is optionally substituted with one or more independently selected from 
the group consisting of -OH, halogen, -N0 2 , -CN, C^-alkyl, C^-alkylthio, C^- 
aikoxy, -SCF 3/ -OCF 3/ -CF 3/ -CONH 2 and -CSNH 2 ; or R is phenyl or benzyloxycar- 
bonyt, each of which is optionally substituted with one or more independently 
selected from the group consisting of halogen, -CN, C^-alkyl, C^-alkoxy, -OCF 3 
-CF 3 , -CONH 2 and -CSNH 2 ; or R is selected from the group consisting of -OR 5 Y, 
SR 3 Y, OR 5 ZY, -SR 5 ZY, -OR 5 ZR 4 and -SR 5 ZR 4 ; Z is oxygen or sulphur; R 5 is C M5 - 
alkylene, C 2 . ns -alkenylene, C 2 . 15 ralkynylene or C^g-alkenynylene; Y is a 5 or 6 
membered heterocyclic group optionally substituted with one or more independ- 
ently selected from the group consisting of -OH, halogen, -N0 2 , -CN, C^-alkyl, 
C^-alkylthio, C^-alkoxy, -SCF 3 , -OCF 3 , -CF 3/ -CONH 2 and -CSNH 2 ; G is 



R 6 and R 7 independently are selected from the group consisting of hydrogen and 
C^-alkyl; or R 6 and R 7 together with the nitrogen atom optionally form a 4- to 6- 
membered ring; R 1 and R 2 independently are selected from the group consisting 
of hydrogen, -OH, ==0, C^g-alkyt, C 2 . ls -aIkenyl, C 2 _ 15 -alkynyl, C^-alkoxy, and C 
5 -aIkyl substituted with one or more independently selected from the group con- 
sisting of -OH, -COR 8 , -CH 2 OH, halogen, -NH 2 , carboxy and phenyl; R 8 is hydro- 
gen, C 1-8 -aIkyl; r is 0, 1 or 2; is a single or double bond; or a pharmaceuti- 
cal^ acceptable salt or solvate thereof. 

As used herein, the term "halogen" means CI, Br, F, and I. Especially preferred 
halogens include CI, Br, and F. 




(G) 



The terms "C^.-alkyl" wherein n 1 can be from 2 through 15, as used herein, rep 
resent a branched or linear alkyl group having from one to the specified number 
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of carbon atoms. Typical C^-alky! groups include, but are not limited to, methyl, 
ethyl, n-propyl, iso-propyl, butyl, iso-butyl, sec-butyl, tert-butyl, pentyi, hexyl and 
the like. 

The terms "C 2 . n .-aikenyi" wherein n' can be from 3 through 15, as used herein, 
represents an olefinically unsaturated branched or linear group having from 2 to 
the specified number of carbon atoms and at least one double bond. Examples of 
such groups include, but are not limited to, 1-propenyl, 2-propenyi, 1,3- 
butadienyl, 1-butenyl, hexenyl, pentenyl, and the like. 

The terms "C 2 _ n .-alkynyr wherein n* can be from 3 through 15, as used herein, 
represent an unsaturated branched or linear group having from 2 to the specified 
number of carbon atoms and at least one triple bond. Examples of such groups 
include, but are not limited to, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 1- 
pentynyl, 2-pentynyl and the like. 

The terms "C^.-alkenynyl" wherein n 1 can be from 5 through 15, as used herein, 
represent an unsaturated branched or linear hydrocarbon group having from 4 to 
the specified number of carbon atoms and both at least one double bond and at 
least one triple bond. Examples of such groups include, but are not limited to, 1- 
penten-4-yne, 3-penten-l-yne, 1 ,3-hexadiene-5-yne and the like. 

The term "C 3 . n -cycloalkYr wherein n=4-10, as used herein, represents e.g. cy- 
clopropyl, cyclobutyl, cyclopentyl, cyciohexyl, cycloheptyl and cyclooctyl and the 
like. 

As used herein the term C^-fcycIoalkylalkyl) represents a branched or linear al- 
kyl group substituted at a terminal carbon with a cycloalkyl group. Typical cy- 
cloalkylalkyl groups include cyclopropylethyl, cyclobutylmethyl, cyclohexylethyl, 
cyclohexylmethyl, 3-cyclopentylpropyl, and the like. 
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As used herein, the term "C^-aikoxy" represents methoxy, ethoxy, propoxy, bu- 
toxy and the like. 

As used herein, the phrase "one or more selected from" shall more preferably re- 
fer to from 1-3 substituents. The term shall further preferably refer to from 1-2 
substituents. 

As used herein, the phrase "5 or 6 membered heterocyclic group" means a group 
containing from one to four N, 0 or S atom(s) or a combination thereof, which 
heterocyclic group is optionally substituted at carbon or nitrogen atom(s) with - 
OH, halogen, -N0 2 , -CN, C^-alkyl, C^-alkylthio, C^-alkoxy, -SCF 3 , -OCF 3 , -CF 3 , 
-CONH 2 and -CSNH 2 , or a carbon atom in the heterocyclic group together with an 
oxygen atom form a carbonyi group, or which heterocyclic group is optionally 
fused with a phenyl group. The phrase "5 or 6 membered heterocyclic group" 
includes, but is not limited to, 5-membered heterocycles having one hetero atom 
(e.g. thiophenes, pyrroles, furans); 5-membered heterocycles having two het- 
eroatoms in 1,2 or 1,3 positions (e.g. oxazoles, pyrazoles, imidazoles, thiazoles, 
purines); 5-membered heterocycles having three heteroatoms (e.g. triazoles, thia- 
diazoles); 5-membered heterocycles having four heteroatoms; 6-membered het- 
erocycles with one heteroatom (e.g. pyridine, quinoline, isoquinoline, phenanthri- 
dine, cyclohepta[b]pyridine); 6-membered heterocycles with two heteroatoms 
(e.g. pyridazines, cinnolines, phthalazines, pyrazines, pyrimidines, quinazolines); 
6-membered heterocycles with three heteroatoms (e.g. 1 ,3,5-triazine); and 6- 
membered heterocycles with four heteroatoms. 

As used herein with reference to the G substituent, the -(CH 2 ) r -W-thiadiazoIe 
moity can be attached at any carbon atom of the azabicyclic ring. Further, R 1 
and R 2 of the G substituent may be present at any position, including the point 
of attachment of the -(CH 2 ) r -W-thfadiazoIe moity. 

As used herein the phrase "R 6 and R 7 together with the nitrogen atom optionally 
form a 4- to 6- member ring" means that R 6 and R 7 are each independently hy- 
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drogen, C^-alkyl wherein the R 6 and R 7 groups may optionally join to form a 4- 
to 6- member ring including the nitrogen. For example, optionally joined groups 
include, but are not limited to: 



5 




10 As used herein the term "carboxy" refers to a substituent having the common 

meaning understood by the skilled artisan, wherein the point of attachment may 
^ be through the carbon or oxygen atom of the group. 

?p * As used herein, the term "alkoxide metal" means a metal suitable for alkoxide 
tW formation. Such alkoxide metals include, but are not limited to, Li + ' K + , Na + , Cs + , 
O and Ca ++ . Especially preferred alkoxide metals include Li + , K + , and Na + . 

g In a preferred embodiment, the present invention is concerned with compounds 
^ of formula I wherein G is saturated. 
20 

In another preferred embodiment, the present invention is concerned with com- 
pounds of formula I wherein G is 



25 




30 



and wherein the -(CH 2 ) f -W-thiadiazole is attached to the 3- or 4-position of G. 
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In another preferred embodiment, the present invention is concerned with com- 
pounds of formula I wherein G is 




(G) 



In another preferred embodiment, the present invention is concerned with com- 
pounds of formula I wherein r is 0. 

In another preferred embodiment, the present invention is concerned with com- 
pounds of formula I wherein W is oxygen. 

In another preferred embodiment, the present invention is concerned with com- 
pounds of formula I wherein R is -OR 4 , -SR 4 , -SOR 4 , -S0 2 R\ -Z-C 3 _ 10 -cycloalkyl or 
-Z-C 4 ., 2 -(cycloalkylalkyl) which is optionally substituted. with C^-alkyl or R is 
-OR 5 Y, -SR 5 Y, -OR s ZY, -SR 5 ZY, -OR 5 ZR 4 or -SR 5 ZR 4 , preferably R is -OR 4 , -SR 4 , 
-OR 5 ZY, -SR 5 ZY, -OR 5 ZR 4 or -SR S ZR 4 . 

In another preferred embodiment, the present invention is concerned with com- 
pounds of formula I wherein R 4 is C,. ls -alkyl, C 2 . 15 -alkenyl, C 2 . 15 -alkynyl or C^ 5 - 
alkenynyl, each of which is optionally substituted with one or more independ- 
ently selected from the group consisting of halogen(s), -CF 3 , -CN, Y and phenyl 
which is optionally substituted with one or more independently selected from the 
group consisting of -OH, halogen, -CN, C,. 4 -alkyl, C,. 4 -alkylthio, C^-alkoxy, - 
SCF 3 , -OCF 3 , and CF 3 . 



In another preferred embodiment, the present invention is concerned with com- 
pounds of formula I wherein R is -OR 4 or -SR 4 , wherein R 4 is straight or branched 
C 2 . 8 -alkynyl, preferably propynyl, substituted with phenyl or Y, preferably Y is 
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thiophene, pyridine, furan or thiazole, each of which is optionally substituted 
with -OH, halogen, -N0 2 , -CN, C t _ 4 -alkyl, C^-alkylthio, C^-alkoxy, -SCF 3 , -OCF 3 , 
-CF 3 , -CONH 2 or -CSNH 2/ preferably halogen, -CN, C^-alkoxy or -OCF 3 . 

5 It is to be understood that the invention extends to each of any of the stereo- 
isorneric forms of the compounds of the present invention as well as the pure 
diastereomeric, pure enantiomeric, and racemic forms of the compounds of this 
invention. 

1Pj The starting materials for the illustrated process are, if nothing else mentioned, 
commercially available or may be prepared using methods known to the skilled 
4* artisan. 

j~j The invention also relates to methods of preparing the above mentioned com- 
•15„ pounds, comprising 
CO a) reacting a compound of formula II 

OS 

2 NC-CN (II) 

20 with first HSR 4 /Et 2 NH and subsequently S 2 Ha! 2 , wherein R 4 has the meaning de- 
fined above, to form a compound of formula III 



N 

25 y ^ (iii) 

Hal SR 4 



30 



wherein R has the meaning defined above; or the compound of formula II is first 
reacted with H0R 4 /Et 3 N and subsequently with S 2 Hal 2 , wherein R 4 has the 
meaning defined above, to form a compound of formula IV 
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(IV) 

Hal' % OR < 

wherein R 4 has the meaning defined above; and a compound of formula III or 
formula IV can subsequently be reacted in the presence of an alkoxide metal with 
a compound of formula V 



■G-(CH a ) f -W-H (V) 



wherein G, r and W have the meanings defined above, to form a compound of 
formula VI selected from the following 



\ 

/ (VI) 
•N 

(O.S)R 4 



wherein G, R, W and R 4 have the meanings defined above; or 

b) a compound of formula III can be oxidized to form a compound of for- 
mula VII 




\\_^ . (v..) 

Hal' S0 2 R'' 
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wherein R 4 has the meaning defined above, which subsequently can be reacted 
with a compound of formula V to form a compound of formula VIII 

5 



10 L / (viii) 

5 Hai 



X wherein G, r and W have the meanings defined above which compound can sub- 
1S a sequently be reacted with either R-OH or RMgHal to form a compound of formula 
O I; or 

2 c) a compound of formula VI 
20 

N (vi) 

N 
SFT 

25 

wherein G, r, W and R 4 have the meanings defined above, can be oxidized to 
■•• form a compound of formula IX 




30 



(IX) 
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wherein G, r, W and R 4 have the meanings defined above which compound sub- 
sequently can be reacted with either R-OH or RMgHal to form a compound of 
formula I. 

The term "Hal" refers to CI or Br. Preferred oxidizing agents for the process in- 
clude oxone and sodiumperiodate. Oxone is an especially preferred oxidizing 
agent. 

As is always the case in chemistry, the rate of the reaction depends on a variety 
of factors, such as the temperature and the exact compound which is to be pre- 
pared. The course of the reaction may be followed using methods such as thin 
layer chromatography (TLC), high performance liquid chromatography (HPLC), 
gas chromatography (GC) and nuclear magnetic resonance spectroscopy (NMR) 
to detect the degree of completion of the reaction. The operator may obtain 
maximum yields using the process by extending the reaction time. Alternatively, 
the operator may wish to obtain maximum throughput by cutting off the reaction 
at the point at which it reaches an economical degree of completion. 

When the product of a step in the following process is an oil, it may be isolated 
by standard methods. Such methods include distillation, flash chromatography, 
HPLC and the like. 

The invention further provides a formulation comprising a compound of formula I 
and one or more pharmaceutical^ acceptable diluents, carriers or excipients 
therefor. 

The invention provides a method for treating a condition associated with a mal- 
function of the cholinergic muscarinic receptor system. Such conditions which 
may be treated using a compound of this invention include, but are not limited to 
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Alzheimer's Disease, cognitive dysfunction, severely painful conditions, glau- 
coma, psychosis, schizophrenia, bladder dysfunction, anxiety, sleep disorders, 
and other such conditions associated with the modulation of a muscarinic recep- 
tor. 

As used herein the term "treating" includes prophylaxis of a physical and/or men- 
tal condition or amelioratipn or elimination of the developed physical and/or men- 
tal condition once it has been estabished or alleviation of the characteristic 
symptoms of such condition. 

3 As used herein the term "malfunctioning of the muscarinic cholinergic system" 

i shall have the meaning accepted by the skilled artisan. For example the term 

3 shall refer to, but is not in any way limited to conditions such as glaucoma, psy- 

Ti chosis, schizophrenia or schizophreniform conditions, depression, sleeping disor- 

1F 1 ders, epilepsy and gastrointestinal motility disorders. Other such conditions in- 

P elude Alzheimer's disease and incontinence. 



^ As used herein the phrase "interacting with a muscarinic cholinergic receptor" 
20 shall include compounds which block muscarinic cholinergic receptors or modu- 
late such receptors. The phrase shall include the effect observed when com- 
pounds act as agonists, partial agonists and/or antagonists at a muscarinic cho- 
linergic receptor. 

25 . Examples of pharmaceutical^ acceptable salts include inorganic and organic acid 
addition salts such as hydrochloride, hydrobromide, sulphate, phosphate, ace- 
-•• tate, fumarate, maleate, citrate, lactate, tartrate, oxalate, or similar pharmaceuti- 
cal^ acceptable inorganic or organic acid addition salts, and include the pharma- 
ceutical^ acceptable salts listed in Journal of Pharmaceutical Science, 66, 2 

30 (1 977) which are known to the skilled artisan. The compounds of this invention 
may form solvates with standard low molecular weight solvents using methods 
known to the skilled artisan. 
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The pharmacological properties of the compounds of the invention can be illus- 
trated by determining their capability to inhibit the specific binding of 3 H- 
Oxotremorine-M ( 3 H-Oxo). Birdsdall N.J.M., Hulme E.C., and Burgen A.S.V. 
(1980). "The Character of Muscarinic Receptors in Different Regions of the Rat 
Brain". Proc. Roy. Soc. London (Series B) 207,1. 

3 H-Oxo labels muscarinic receptor in the CNS (with a preference for agonist do- 
mains of the receptors). Three different sites are labelled by 3 H-Oxo. These sites 
have affinity of 1 .8, 20 and 3000 nM, respectively. Using the present experi- 
mental conditions only the high and medium affinity sites are determined. 

The inhibitory effects of compounds on 3 H-Oxo binding reflects the affinity for 
muscarinic acetylcholine receptors. 

All preparations are performed at 0-4°C unless otherwise indicated. Fresh cortex 
{0.1-1 g) from male Wistar rats (150-250 g) is homogenized for 5-10 s in 10 ml 
20 mM Hepes pH: 7.4, with an Uitra-Turrax homogenizer. The homogenizer is 
rinsed with 10 ml of buffer and the combined suspension centrifuged for 1 5 min. 
at 40,000 x g. The pellet is washed three times with buffer. In each step the 
pellet is homogenized as before in 2 x 10 ml of buffer and centrifuged for 10 
min. at 40,000 x g. 

The final pellet is homogenized in 20 mM Hepes pH: 7.4 (100 mlper g of original 
tissue) and used for binding assay. Aliquots of 0.5 ml is added 25 jil of test solu- 
tion and 25 jxi of 3 H-Oxotremorine (1.0 nM, final concentration) mixed and incu- 
bated for 30 min. at 25°C. Non-specific binding is'determined in triplicate using 
arecoiine (1 jig/ml, final concentration) as the test substance. After incubation 
samples are added 5 ml of ice-cold buffer and poured directly onto Whatman 
GF/C glass fiber filters under suction and immediately washed 2 times with 5 ml 
of ice-cold buffer. The amount of radioactivity on the filters are determined by 
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conventional liquid scintillation counting. Specific binding is total binding minus 
non specific binding. 

Test substances are dissolved in 10 ml water (if necessary heated on a steam- 
bath for less than 5 min.) at a concentration of 2.2 mg/ml. 25-75% inhibition of 
specific binding must be obtained before calculation of IC 50 . 

The test value will be given as IC 50 (the concentration (nM) of the test substance 
which inhibits the specific binding of 3 H-Oxo by 50%). 

IC 50 = (applied test substance concentration) x(C x /C 0 -C x )nM 

where C Q is specific binding in control assays and C x is the specific binding in the 
test assay. (The calculations assume normal mass-action kinetics). 

Furthermore the pharmacological properties of the compounds of the invention 
can also be illustrated by determining their capability to inhibit 3 H-PRZ 
(pirenzepine, [N-methyl- 3 H]) binding to rat cerebral cortex membranes. Pi- 
renzepine binds selectively to subtype of muscarinic receptors. Historically the 
type is named the Mj-site, whereas pirenzepine sensitive site would be more ap- 
propriate. Although selective for M^sites pirenzepine also interact with M 2 -sites. 

All preparations are performed at 0-4°C unless otherwise indicated. Fresh cortex 
(0.1-1 g) from male Wistar rats (150-200 g) is homogenized for 5-10 s. in 10 ml 
20 mM Hepes pH: 7.4, with an Ultra-Turrax homogenizer. The homogenizer is 
rinsed with 2 x 10 ml of buffer and the combined suspension centrifuged for 15 
min at 40,000 xg. The pellet is washed three times with buffer. In each step the 
pellet is homogenized as before in 3 x 10 ml of buffer and centrifuged for 10 min 
at 40,000 xg. 

The final pellet is homogenized in 20 mM Hepes pH: 7.4 (100 ml per g of original 
tissue) and used for binding assay. Aliquots of 0.5 ml is added 20 p.l of test solu- 
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tion and 25 p.l of 3 H-Pirenzepine (1 .0 nM, final cone), mixed and incubated for 
60 min at 20°C. Non-specific binding is determined in triplicate using atropine (1 
\xg/m\ t final cone.) as the test substance. After incubation samples are added 5 
ml of ice-cold buffer and poured directly onto Whatman GF/C glass fiber filters 
5 under suction and immediately washed 2 times with 5 ml of ice-cold buffer. The 
amount of radioactivity on the filters are determined by conventional liquid scin- 
tillation counting. Specific binding is total binding minus non-specific binding. 

Test substances are dissolved in 10 ml water, at a concentration of 0.22 mg/ml. 
1(EJ 25-75% inhibition of specific binding must be obtained before calculation of IC 50 . 

tips 

g The test value will be given as IC 50 (the concentration (nM) of the test substance 
~ which inhibits the specific binding of 3 H-PRZ by 50%). 

1 t3 IC 50 — (applied test substance concentration) x(C x /C Q -C x )nM 

ru 

G8 where C Q is specific binding in control assays and C x is the specific binding in the 
ju test assay! (The calculations assume normal mass-action kinetics), 

20 . Test results obtained by testing some compounds of the present invention will 
appear from the following table 1: 

Table 1 



25 Compound 3 H-Oxo 3 H-PRZ 

IC 50 , nM IC 50/ nM 

1 1.6 0.14 

2 1.4 4.2 
30 4 7.9 8.3 

5 10 14 
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9.2 



By testing the compounds of the present invention it is found that they inhibit 
the specific binding of 3 H-Oxotremorine~M and 3 H-Pirenzepine. 

The compounds of the invention are effective over a wide dosage range. For ex- 
ample, in the treatment of adult humans, dosages from about 0.05 to about 100 
mg, preferably from about 0.1 to about 100 mg, per day may be used. A most 
preferable dosage is about 0.1 mg to about 70 mg per day. In choosing a regi- 
men for patients suffering from diseases in the central nervous system caused by 
malfunctioning of the muscarinic cholinergic system it may frequently be neces- 
sary to begin with a dosage of from about 20 to about 70 mg per day and when 
the condition is under control to reduce the dosage as low as from about 0.1 to 
about 10 mg per day. The exact dosage will depend upon the mode of admini- 
stration, form in which administered, the subject to be treated and the body 
weight of the subject to be treated, and the preference and experience of the 
physician or veterinarian in charge. 

The route of administration may be any route, which effectively transports the 
active compound to the appropriate or desired site of action, such as oral or par- 
enteral e.g. rectal, transdermal, depot, subcutaneous, intravenous, intraurethral, 
intramuscular, intranasal, ophthalmic solution or an ointment, the oral route being 
preferred. 

Typical compositions include a compound of formula I or a pharmaceutical^ ac- 
ceptable acid addition salt thereof, associated with a pharmaceutical^ acceptable 
excipient which may be a carrier or a diluent or be diluted by a carrier, or en- 
closed within a carrier which can be in the form of a capsule, sachet, paper or 
other container. In making the compositions, conventional techniques for the 
preparation of pharmaceutical compositions may be used. For example, the ac- 
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tive compound will usually be mixed with a carrier, or diluted by a carrier, or en- 
closed within a carrier which may be in the form of a ampoule, capsule, sachet, 
paper, or other container. When the carrier serves as a diluent, it may be solid, 
semi-solid, or liquid material which acts as a vehicle, excipient, or medium for the 
active compound. The active compound can be adsorbed on a granular solid con- 
tainer for example in a sachet. Some examples of suitable carriers are water, salt 
solutions, alcohols, polyethylene glycols, polyhydroxyethoxylated castor oil, gela- 
tine, lactose, amylose, magnesium stearate, talc, silicic acid, fatty acid monogly- 
cerides and diglycerides, pentaerythritol fatty acid esters, hydroxymethylcellulose 
and polyvinylpyrrolidone. The formulations may also include wetting agents, 
emulsifying and suspending agents, preserving agents, sweetening agents or fla- 
vouring agents. The formulations of the invention may be formulated so as to 
provide quick, sustained, or delayed release of the active ingredient after admini- 
stration to the patient by empolying procedures well known in the art. 

The pharmaceutical preparations can be sterilized and mixed, if desired, with 
auxiliary agents, emulsifiers, salt for influencing osmotic pressure, buffers and/or 
colouring substances and the like, which do not deleteriously react with the ac- 
tive compounds. 

For parenteral application, particularly suitable are injectable solutions or suspen- 
sions, preferably aqueous solutions with the active compound dissolved in poly- 
hydroxylated castor oil. 

Tablets, dragees, or capsules having talc and/or a carbohydrate carrier or binder 
or the like are particularly suitable for oral application. Preferable carriers for tab- 
lets, dragees, or capsules include lactose, corn starch, and/or potato starch. A 
syrup or elixir can be used in cases where a sweetened vehicle can be employed. 

Generally, the compounds are dispensed in unit form comprising from about 0.1 
to about 100 mg in a pharmaceutical^ acceptable carrier per unit dosage. 



# 
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A typical tablet, appropriate for use in this method, may be prepared by conven- 
tional tabletting techniques and contains: 

5 Active compound 5.0 mg 

Lactosurn 67.8 mg Ph. Eur. 

Avice!® 31.4 mg 

Amberlite® 1 .0 mg 

Magnesii stearas 0.25 mg Ph. Eur. 

B 

The compounds according to this invention may be suitable for administration to 
£ an animal. Such animals include both domestic animals, for example livestock, 
m laboratory animals, and household pets, and non-domestic animals such as wild- 

01 

fy life. More preferably, the animal is a vertebrate. Most preferably, a compound 
ijE, according to this invention shall be administered to a mammal. It is especially 

preferred that the animal is a domestic mammal or a human. The most preferred 
ffl mammal is a human. For such purposes, a compound of this invention may be 
r? administered as a feed additive or in bulk form. 

20 The invention will now be described in further detail with reference to the fol- 
lowing examples. The examples are provided for illustrative purposes, and are 
not to be construed as limiting the scope of the invention in any way. 



25 



EXAMPLE 1 

Endo S-fS-butylthio-l^^-thiadiazol^-yloxyJ-l-azabicyclofZ^.llheptane, oxalate 



A solution of endo 3-hydroxy-1-azabicyclo[2.2.1]heptane, (J.Med.Chem. 1992, 
30 35, 2392-2406), (225 mg, 2.0 mmol) in dry THF (5 ml) was treated with 95% 
potassium t-butoxide (260 mg, 2.0 mmol). After 30 min., the reaction was 
cooled in ice-water. To the cold solution was added a single portion of 3-chioro- 
4-butylthio-1 ,2,5-thiadiazole (420 mg, 2.0 mmol). Cooling was removed and af- 
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ter 4 h the reaction was heated to reflux for 1.5 h. The solvent was evaporated 
and the residue suspended in cold water and acidified with 4N HCI. The mixture 
was extracted with ether (2 x - discarded). The aqueous phase was made basic 
and the mixture extracted with dichloromethane (3 x). The dichloromethane ex- 
5 tracts were washed with water, dried (MgSOJ, and the solvent evaporated. The 
residue was taken up in acetone, and the product precipitated with oxalic acid in 
acetone followed by ether to give 240 mg {32%) of the title compound. M.p. 
1 25-1 26°C. Compound 1. 

10_ EXAMPLE 2 



The following compound was made in exactly the same manner as described in 
example 1 by using the reagents indicated. 



15L Endo 3-(3-propylthio-1,2,5-thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane, ox- 
alate from endo 3-hydroxy-1-azabicyclo[2.2.1 ]heptane and 3-chloro-4-propylthio- 
1 ,2,5-thiadiazole. Yield: 38%. M.p. 136-137°C. Compound 2. 



4A# 
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EXAMP L E 3 

Endo 3-(3-propylsulfonyl-1 ,2,5-thiadiazol-4-yloxy)-1 -azabicyclo[2.2.1 Iheptane, 
oxalate 

25 A solution of endo 3-(3-propylthio-1 , 2,5-thiadiazol-4-yloxy)-1 -azabicyclo- 

[2.2.1 Iheptane, oxalate (example 2) (4.1 g, 1 1 .3 mmol) in water (30 ml) and 1N 
HCI (13.5 ml) was cooled in ice-water. Oxone (10.5 g, 17.1 mmol) in water (60 
-•• ml) was added to the reaction over 1 0 min. Cooling was removed and the reac- 
tion stirred for 1 6 h. The reaction was cooled in ice-water and then made basic 

30 with NH 3 . The mixture was extracted with ether (6 x). The extracts were dried 
(MgS0 4 ) and evaporated. The product was taken up in acetone and precipitated 
with oxalic acid in acetone to give 3.2 g (73%). M.p. 168-169°C. Compound 3. 



# 
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EXAMPLE 4 



Endo 3-(3-[3-(4-fluorophenyl)-2-propynyl-1-oxy]-1 ,2,5-thiadiazoi-4-yioxy)-1- 
5 azabicycIo[2.2.1]heptane, oxalate 



A suspension of sodium hydride {90 mg, 3.0 mmol) in dry THF (30 ml) and 3-(4- 
fluorophenyl)-2-propyn-1-ol (225 mg, 1.5 mmol) was stirred at room temperature 
10 for 1 h under nitrogen. The reaction was then cooled in ice-water and added 
C endo 3-(3-propylsulfonyl-1 / 2,5-thiadiazol-4-yIoxy)-l-azabicyclo[2.2.1 ]heptane 
S (example 3) (303 mg, 1 .0 mmol). After 1 6 h the cold reaction was quenched 
£ with water and the product extracted with ether (3 x). The extracts were dried 
S (MgSOJ and the solvent evaporate.d. The product was taken up in acetone and 
l|i precipitated with oxalic acid in acetone followed by ether to give 180 mg (41%) 
JU of the title compound. M.p. 1 63-1 65°C. Compound 4. 



20 The following compounds were made in exactly the same manner as described in 
example 4 by using the reagents indicated: 

Endo S-O-tS-phenyl^-propynyl-l-oxyl-l^^-thiadiazol^-yloxyJ-l-azabi- 
cyclo(2.2.1]heptane ( oxalate from endo 3-{3-propylsuIfonyl-1 ,2,5-thiadiazoI-4- 
25 yloxy)-1-azabicyclo[2.2.1]heptane (example 3) and 3-phenyI-2-propyn-1 -ol. Yield: 
81%. M.p. 158-159°C. Compound 5. 

Endo 3-(3-[3-(3-methoxyphenyl)-2-propynyl-1 -oxyH ,2,5-thiadiazol-4-yloxy)-1 - 
azabicycIo[2.2.1]heptane, oxalate from endo 3-(3-propylsuifonyl-1 ,2,5-thiadiazol- 
30 4-yloxy)-1-azabicycIo[2.2.1]heptane (example 3) and 3-(3-methoxyphenyl)-2- 
propyn-1-oI. Yield: 47%. M.p. 142-143°C. Compound 6. 



EXAMPLE 5 



S 
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Endo 3-(3-[3-methyl-2-butenyl-1 -oxy]-l ,2,5-thiadiazol-4-yloxy)-1 -azabicy- 
clo[2.2.1 Iheptane, oxalate from endo 3-{3-propylsulfonyl-1 ,2,5-thiadiazol-4- 
yloxy)-1-azabicyclo[2.2.1]heptane (example 3) and 3-methyl-2-buten-1-ol. Yield: 
55%. M.p. 112-11 5°C. Compound 7. 

Endo 3-(3-[2-cyclopropylethyl-1 -oxy]-1 ,2,5-thiadiazol-4-yloxy)-1 -azabi- 
cyclo[2.2.1 Iheptane, oxalate from endo 3-(3-propylsulfonyl-1 ,2,5-thiadiazol-4- 
yloxy) : 1-azabicyclo[2.2.1 Iheptane (example 3) and cyclopropylethanol. Yield: 
74%. M.p. 132-133°C. Compound 8. 

Endo 3-{3-[4-fluorobenzyloxy]-1 ,2,5-thiadiazol-4-yloxy)-1 -azabicyclo- 
[2.2.1 Iheptane, oxalate from endo 3-(3-propylsulfonyl-1 ,2,5-thiadiazol-4-yloxy>- 
1-azabicyclo[2.2.1]heptane {example 3) and 4-fluorobenzylalcohol. Yield: 62% 
M.p. 144-145°C. Compound 9. 

Endo 3-(3-[2-butenyl-1-oxy]-1,2 f 5-thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane 
oxalate from endo 3-(3-propy!sulfonyl~1 ,2,5-thiadiazol-4-yloxy)-1 - 
azabicyclo[2.2.1]heptane (example 3) and crotyl alcohol. Yield: 67%. M.p. 129- 
1 31 °C. Compound 10. 

Endo 3-(3-[2-butynyl-1-oxy]-1,2,5-thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane 
oxalate from endo 3-(3-propylsulfonyl-1,2,5-thiadiazbl-4-yloxy)-1- 
azabicyclo[2.2.1]heptane (example 3) and 2-butyn-1-ol. Yield: 73%. M.p. 194- 
1 96°C. Compound 1 1 . 

Endo 3-(3-methylthioethoxy-1 ,2,5-thiadiazol-4-yloxy)-1 -azabicyclo- 
[2.2.1 Iheptane, oxalate from endo 3-(3-propylsulfonyl-1 ,2,5-thiadiazol-4-yloxy)- 
1-azabicyclo[2.2.1]heptane (example 3) and 2-hydroxyethylmethyl sulfide. Yield 
60%. M.p. 117-119°C. Compound 12. 



Endo 3-(3-methoxYethoxy-1,2,5-thiadiazol-4-yloxY)-1-azabicyclo[2.2.1 Iheptane, 
oxalate from endo 3-(3-propylsulfonyl-1 ,2,5-thiadiazol-4-yloxy)-1 - 
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azabicyclo[2.2.1 ]heptane (example 3) and 2-methoxyethanoI. Yield: 78%. M.p. 
139-141°C. Compound 13. 

Endo 3-(3-[4-trifIuoromethoxybenzyIoxy]-l ,2,5-thiadiazoI-4-yloxy)-1 - 
5 azabicyclo[2.2.1 ]heptane, oxalate from endo 3-(3-propyIsuIfonyI-1 ,2,5-thiadiazal-• 
4-Yloxy)-1-azabicyclo[2.2. 1 ]heptane (example 3) and 4-{trifluoromethoxy)benzyl 
alcohol. Yield: 77%. M.p. 116-119°C. Compound 14. 

Endo 3-(3-[4 f 4,4-trifluorobutyl-1-oxy]-1 ,2,5-thiadiazol-4-yloxyH-azabi- 
1CW cycIo[2.2.1]heptane, oxalate from endo 3-{3-propylsuifonyl-l ,2,5-thiadiazol-4- 
^5 yloxy)-1-azabicyclo[2.2.1]heptane (example 3) and 4,4,4-trifiuorobutanqI. Yield: 
£ 73%. M.p. 135-1 37°C. Compound 1 5. 

Hj Endo 3-(3-[2-fluoro-4-(trifluoromethyl)-benzyloxy]-1 ,2,5-thiadiazol-4-yloxy)-1- 
15L azabicyclo[2.2.1]heptane, oxalate from endo 3-(3-propy!sulfonyl-t,2,5-thiadiazol- 
K" 4-yloxy)-1-azabicyclo[2.2.1]heptane (example 3) and 2-fluoro-4- 
m (trifiuoromethyl)benzyl alcohol. Yield: 73%. M.p. 112-1 14°C. Compound 1 6. 

Endo S-O-K-O-methoxyphenyD-S-butyn^-yloxyl-l^^-thiadiazol^-yloxy)-!- 
20 azabicyclo[2.2.1]heptane, oxalate from endo 3-(3-propylsulfonyI-1 ,2,5-thiadiazol- 
4-yloxy)-1-azabicyclo[2.2.1]heptane (example 3) and 4-(3-methoxyphenyl)-3- 
butyn-2-ol. Yield: 62%. M.p. 102-103°C. Compound 17. 

Endo 3-{3-[3-(4-chlorophenyl)-2-propynyl-1 -oxy]-1 ,2,5-thiadiazol-4-yloxy)-1 - 
25 azabicyclo[2.2.1]heptane, oxalate from endo 3-(3-propylsulfonyl-1,2,5-thiadiazol- 
4-yloxy)-1-azabicyclo[2.2.1]heptane (example 3) and 3-(4-chlorophenyl)-2- 
propyn-1-ol. Yield: 40%. M.p. 118-122°C. Compound 18. 

Endo 3-(3-[1 -(3-methoxyphenyl)-1 -pentyn-3-yloxy]-1 ,2,5-thiadiazol-4-yloxy)-1 - 
:• azabicyclo[2.2.1]heptane < oxalate from endo 3-(3-propylsulfonyl-1 ,2,5-thiadiazol- 
4-yloxy)-1-azabicyclo[2.2.1]heptane (example 3) and 1 -(3-methoxyphenyl)-1 - 
pentyn-3-ol. Yield: 25%. M.p. 98-1 01 °C. Compound 19. 
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Endo 3-(3-(3-(3-trifluoramethylphenyl)-2-propynyl-1-oxy)-1,2,5-thiadiazol-4- 
yloxy)-1-azabicyclo[2.2.1]heptane, oxalate from endo 3-(3-propylsulfonyl-1 ,2,5- 
thiadiazol-4-yloxy)-1-azabicyclo[2.2.1 ]heptane (example 3) and 3-{3- 
trifluoromethylphenyl)-2-propyn-l-ol. Yield: 73%. M.p. 131-135°C. Compound 

20. 

Endo (Z)-3-(3-(5-(4-fluorophenyl)-3-methyl-2-penten-4-yn-1 -yloxy)-1 ,2,5- 
thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane from endo 3-(3-propylsulfonyl- 
1,2,5-thiadiazol-4-yloxy)-1-azabicYclo[2.2.1]heptane, oxalate (example 3) and 
3 (Z)-5-(4-fluorophenyl)-3-methyl-2-penten-4-yn-1-ol. Yield: 44%. M.p. 174-177°C. 
J Compound 21 . 

i Endo (E)-3-(3-(5-(4-fluorophenyl)-3-methyl-2-penten-4-yn-1-yloxy)-1,2,5- 
yl thiadiazo!-4-yioxy)-1-azabicyclo[2.2.1]heptane, oxalate from endo 3-(3- 
1 propylsulfonyl-1,2,5-thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane (example 3) 
^ and (E)-5-(4-fluorophenyl)-3-methyl-2-penten-4-yn-1-yloxy). Yield 57%. M.p. 82- 
□ 84°C. Compound 22. 

20 Endo 3-(3-(3-pyridyl)-2-propyn-1 -ytoxyH ,2,5-thiadiazol-4-yloxy)-1 - 

azabicyclo[2.2.1]heptane, dioxalate from endo 3-{3-propylsulfonyl-1 ,2,5- 
thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane (example 3) and (3-pyridyl)-2- 
propyn-1-ol. Yield: 48%. M.p. 136-139°C. Compound 23. 

25 Endo (E/Z)-3-(3-(5-(4-fluorophenyl)-2-penten-4-yn-l -yloxy)-1 ,2,5-thiadiazol-4- 

yloxy)-1-azabicyclo[2.2.1]heptane from endo 3-{3-propylsulfonyl-1 ,2,5-thiadiazol 
•■■ 4-yloxy)-1-azabicyclo[2.2.1]heptane, oxalate (example 3) and 5-(4-f!uorophenyl)- 
2-penten-4-yn-1-ol. Yield. 9%. M.p. 185-188°C. Compound 24. 

30 Endo 3-(3-(2-pyridyl)-2-propyn-1 -yloxyH ,2,5-thiadiazol-4-yloxy)-1 - 

azabicyclo[2.2.1]heptane, dioxalate from endo 3-(3-propylsulfonyl-1 ,2,5- 
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thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane (example 3) and (2-pyridyl)-2- 
propyn-1-ol. Yield 34%. M.p. 158-160°C. Compound 25. 

Endo 3-{3-{3-{3-furyl)-2-propyn-1 -yloxy)-1 ,2,5-thiadiazol-4-yloxy)-1 - 
5 azabicyclo[2.2.1]heptane, oxalate from endo 3-{3-propylsulfonyl-1 ,2,5-thiadiazol- 
4-yloxy)-1-azabicyclo[2.2.1]heptane (example 3) and 3-(3-furyI)-2-propyn-1-ol. 
Yield 72%. M.p. 146-148°C. Compound 26. 

Endo 3-(3-(2,2 < 3,3,4 < 4,4-heptafluorobutyl-1-oxy)-l,2,5-thiadiazol-4-yloxy)-1- 
1(5 azabicyclo[2.2.1]heptane, oxalate from endo 3-(3-propylsulfonyl-1 ,2,5-thiadiazol- 
2 4-yloxy)-1-azabicyclo[2.2.1]heptane (example 3) and 2,2,3,3,4,4,4- 
q heptafluorobutan-1^ol. Yield 73%. M.p.1 28-131 °C. Compound 27. ■ 

W Endo 3-(3-(3-{3-fluorophenyl)-2-propyn-1-yloxy)-1 .2.5-thiadiazol-4-yloxy-1 - 

li azabicyclo[2.2.1]heptane, oxalate from endo 3-(3-propylsulfonyl-1 ,2,5-thiadiazol- 

5" 4-yloxy)-1-azabicycio[2.2.1]heptane (example 3) and 3-(3-fluorophenyl)-2- 

g propyn-1-ol. Yield: 84%. M.p. 175-177°C. Compound 28. 



20 



FXAMPLE 6 

Endo 3-(3-(3,3,3-trifluoropropylthio)-1 ,2,5-thiadiazol-4-yloxy)-1 -azabicyclo- 
[2.2.1]heptane, oxalate 

25 A solution of endo 3-(3-propylsulfonyl-1 ,2,5-thiadiazol-4-yloxy)-1-azabi- 

cyclo[2.2.1]heptane (example 3) (300 mg, 0.76 mmol) and potassium carbonate 
(210 mg, 1.52 mmol) in DMF (10 ml) was added sodium hydrosulphide (225 mg, 
3.00 mmol) under N 2 . The solution was stirred at 80-1 00°C for 4 h. The solution 
was then cooled to room temperature and added potassium carbonate (1.05 g, 

30 7.6 mmol) and 3,3,3-trifluoropropyl iodide (510 mg, 228 mmol). After 10 min. 
ice-water and 6N HCI were added to pH 2.0. The aqueous phase was washed 
with ether (3 x), then made basic with NaOH to pH 1 1 .0. The product was ex- 
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tracted with ether (3 x), dried (MgS0 4 ) and the solvent evaporated. The residue 
was taken up in acetone and the product precipitated with oxalic acid in acetone 
followed by ether to give 230 mg (72%) of the title compound. M.p. 186-187°C. 
Compound 29. 

EXAMPLE 7 



" The following compounds were made in exactly the same manner as described in 
example 6 by using the reagents indicated. 

10 

O Endo 3-(3-(4,4,4-trifluorobutylthio)-1 ,2,5-thiadiazol-4-yloxy)-1 -azabicyclo- 

2 [2.2.1 ]heptane, oxalate from endo 3-(3-propylsulfonyl-1 ,2,5-thiadiazol-4-yloxy)- 

t 1-azabicyclo[2.2.1]heptane (example 3) and trifluorobutyl bromide. Yield: 61 %. 

£ M.p. 11 4-1 1 5°C. Compound 30. 

y * 

Q Endo 3-(3-[4-cyanobenzylthio]-1 ,2,5-thiadiazol-4-yloxy)-1 -azabicyclo- 
S [2.2.1 ]heptane, oxalate from endo 3-(3-propylsulfonyl-1 ,2,5-thiadiazol-4-yloxy)- 
2 1-azabicyclo[2.2.1]heptane (example 3) and 4-cyanobenzyl bromide. Yield: 15%. 
U M.p. 196-197°C. Compound 31. 
20 

Endo 3-(3-[2-cyanoethylthio]-1 ,2,5-thiadiazol-4-yloxy)-1 -azabicyclo- 
[2.2.1 ]heptane, oxalate from endo 3-(3-propylsulfonyl-1 ,2,5-thiadiazol-4-yloxy)- 
1-azabicyclo[2.2.1]heptane (example 3) and 3-bromopropionitrile. Yield: 42%. 
M.p. 168-169°C. Compound 32. 

25 

Endo 3-(3-[2,4-difluorobenzylthio]-1 ,2,5-thiadiazol-4-yloxy)-1 -azabicyclo- 
•• [2.2.1 ]heptane, oxalate from endo 3-(3-propylsulfonyl-1 ^.B-thiadiazol^-yloxy)- 
1-azabicyclo[2.2.1]heptane (example 3) and 2,4-difluorobenzyl bromide. Yield: 
67%. M.p. 98-100°C. Compound 33. 

30 

Endo 3-(3-(2-fluoroethyl-1 -thio]-1 ,2,5-thiadiazol-4-yloxy)-1 -azabicyclo- 
[2.2.1]heptane, oxalate from endo 3-(3-butyisulfonyl-1 ,2,5-thiadiazol-4-yloxy)-1 
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azabicyclo[2.2.1 ]heptane (example 8) and 1 -bromo2-fluoroethane. Yield: 59%. 
M.p. 131-133°C. Compound 34. 



EXAMPLE 8 

5 

The following compound was made in the same manner as described in example 
3 by using the reagents indicated. 

Endo 3-(3-butyIsulfonyl-1 ,2,5-thiadiazoI-4-yloxy)-1 -azabicycIo[2.2.1 ]heptane, ox- 
1£L alate from endo 3-(3-butylthio-1 ,2,5-thiadiazoI-4-yioxy)-1 -azabi- 

Lsar 

J3 cycio[2.2.1]heptane (example 1). Yield: 94%. M.p. 135-137°C. Compound 35. 

jj EXAMPLE 9 

CP 

yj 

15^ Endo 3-{3-l3-(3-thienyl)-2-propyn-1-yloxy]-1 # 2 f 5-thiadiazol-4-yloxy)-1- 

m~ azabicyc!o[2.2.1]heptane, oxalate 

P| jj I.. I — I -I— ■ I, . —.. .. — . — M l.. - - ■ 

3 "ST 

jo-si 

"Hf a) To a suspension of bis (triphenylphosphine)-palladium (II) chloride (300 mg, 
20 0.42 mmol) and copper (I) iodide (100 rng f 0.50 mmol) in diisopropylamine (100 
ml) under nitrogen was added 3-bromothiophene (4.9 g, 30 mmol). After reflux 
under nitrogen for 1.5 h a solution of propargyl alcohol (3.0 g, 33 mmol) in di- 
isopropylamine (50 ml) was added. After reflux for 5 h the reaction mixture was 
cooled, filtered and concentrated in vacuo . The residue was submitted to flash 
25 chromatography using ether/petroleum ether (1:1) as eluent to give 2 g (48%) of 
3-(3-thienyI)-2-propyn-1-ol as a crude product. 

b) A solution of 3-(3-thienyl)-2-propyn-1 -ol (276 mg, 2.0 mmol) and sodium hy- 
dride (80%) (90 mg, 3.0 mmol) in dry THF (10 ml) was stirred at room tempera- 
30 ture for 1 h under nitrogen. A solution of endo 3-(3-butylsulfonyl-1 ,2,5- 

thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane (example 8) (317 mg, 1.0 mmol) 
in dry THF (5 ml) was added. After 1 6 h the reaction was quenched with water 
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and THF evaporated off. The product was extracted with ether (3 x). The ex- 
tracts were dried (MgS0 4 ), filtered and the solvent evaporated. 

The product was taken up in acetone and precipitated with oxalic acid in acetone 
5 to give 1 23 mg (30%) of the title compound. M.p. 1 33-1 36°C. Compound 36. 

FY AMPLE 10 

Endo 3-(3-[3-(2-thienyl)-2-propyn-1 -yloxyl-1 ,2,5-thiadiazol-4-yloxy)-1 - 

10^ azabicyclo[2.2.1]heptane, oxalate 

tJ ' _— — " — 

I a) To a suspension of tetrakis (triphenylphosphine)palladium (300 mg, 0.25 
| mmol) and copper (I) iodide (100 mg, 0.50 mmol) in diisopropylamine (100 ml) 
l| under nitrogen was added 2-iodothiophene (6.3 g, 30 mmol). After stirring 1 .5 h 
f at room temperature a solution of propargvl alcohol (3.0 g, 33 mmol) in diisopro- 
pyiamine (50 ml) was added. After 1 6 h at room temperature the mixture was 
filtered and concentrated in yjicj^ The residue was submitted to flash chroma- 
tography using dichloromethane as eluent to give 3.0 g (73%) of 3-(2-thienyl)-2- 
20 propyn-1-ol as a crude product. 

b) A solution of 3-(2-thienyl)-2-pro P yn-1-ol (276 mg, 2.0 mmol) and sodium hy- 
dride (80%) (90 mg, 3.0 mmol) in dry THF (10 ml) was stirred at room tempera- 
ture for 1 h under nitrogen. A solution of endo 3-t3-butylsulfonyl-1 ,2,5- 
thiadiazol-4-yloxy)-1 -azabicyclot2. 2. Hheptane (example 8) (317 mg, 1.0 mmol) 
in dry THF (5 ml) was added. After stirring for 1 6 h the reaction was quenched 
with water and THF evaporated off. The product was extracted with ether. The 
product was precipitated as a HCI salt to give 253 mg (70%) of the title com- 
pound. M.p. 180-184°C. Compound 37. 

Fx" AMPI E 1 1 



yy 



E_3- 



25 



30 
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Endo 3-{3-[1-cycIopropylethyl-1-oxy]-1 ,2,5-thiadiazol-4-yIoxy)-1 -azabi- 
cyclo[2.2.1]heptane, oxalate 



5 A suspension of sodium hydride (50 mg, 1 .5 mmol) in dry THF (5 ml) and a- 
methylcyclopropanemethanol (100 1.0 mmol) was stirred at room tempera- 
ture for 1 h. The reaction was then added endo 3-(3-butylsuIfonyl-1 ,2,5- 
thiadiazol-4-yloxy)-1-azabicyclo[2.2.1 ]heptane (160 mg, 0.5 mmol) (example 8). 
After 1 6 h the reaction was quenched with ice-water, added potassium carbon- 
10 ate and the product extracted with dichloromethane (3 x). The extracts were 
n dried (MgSOJ and the solvent evaporated. The product was taken up in acetone 
^ and precipitated with oxalic acid in acetone followed by ether to give 145 mg 
jp (50%) of the title compound. M.p. 134-137°C. Compound 38. 

iS EXAMPLE 12 

08 The following compounds were made in the same manner as described in exam- 

'm P^ 4 by using the reagents indicated: 

iO 

20 Endo 3-(3-[1-{3-methoxyphenyl)-4-methyl-1-pentyn-3-yloxy]-1,2,5-thiadiazol-4- 
yloxy)-1-azabicyc!o[2.2.1]heptane, oxalate from endo 3-(3-butylsulfonyl-1 ,2,5- 
thiadiazol-4-yIoxy)-1-azabicycIo[2.2.1]heptane (example 8) and 1-(3- 
methoxyphenyl)-4-methyl-1-pentyn-3-ol. Yield: 35%. M.p. 144-147°C. Com- 
pound 39. 

25 

Endo 3-(3-[2,2,2-trifIuoroethyl-1-oxy]-1 ,2,5-thiadiazoI-4-yioxy)-1-azabi- 
cyclo[2,2.1]heptane, oxalate from endo 3-{3-butylsulfonyl-1 ,2,5-thiadiazol-4- 
yIoxy)-1-azabicyclo[2.2.1]heptane (example 8) and 2,2,2-trifluoroethanol, Yield: 
54%. M.p. 153-156°C. Compound 40. 

30 

Endo 3-{3-cyclobutylmethyloxy-1 ,2,5-thiadiazol-4-yloxy)-1 -azabicyclo- 

[2.2.1 ]heptane, oxalate from endo 3-(3-butylsulfonyl-1 ,2,5-thiadiazol-4-yloxy)-1 - 
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azabicyclo[2.2.1]heptane (example 8) and cyclobutyl methanol. Yield: 46%. M.p. 
96-99°C. Compound 41. 

Endo 3-(3-[1 -(3-fluorophenyl)-4-methyl-1 -pentyn-3-yloxy]-1 ,2,5-thiadiazol-4- 
yloxy)-1-azabicyclo[2.2.1]heptane, oxalate from endo 3-(3-butylsulfonyl-1 ,2,5- 
thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane (example 8) and 1-(3-fluoro- 
phenyl)-4-methyl-pent-1-yn-3-ol. Yield: 40%. M.p. 103-105°C. Compound 42. 

Endo 3-(3-[1-(4-fluorophenyl)-4-methyl-1-pentyn-3-yloxy]-1,2,5-thiadiazol-4- 
yloxy)-1-azabicyclo[2.2.1]heptane, oxalate from endo 3-(3-butylsulfonyl-1 ,2,5- 
thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane (example 8) and 1-(4-fluoro- 
phenyl)-4-methyl-pent-1-yn-3-oL Yield: 44%. M.p. 128-130°C. Compound 43. 

Endo 3-(3-[1-(2-thienyl)-4-methyl-1-pentyn-3-yloxy]-1,2,5-thiadiazol-4-yloxy)-1- 
azabicyclo[2.2.1]heptane, oxalate from endo 3-(3-butylsulfonyl-1 ,2,5-thiadiazol- 
4-yloxy)-1-azabicyclo[2.2.1]heptane (example 8) and 4-methyl-1-thiophen-2-yl- 
pent-l-yn-3-ol. Yield: 77%. M.p. 121-122°C. Compound 44. 

Endo 3-(3-[1-{3-chlorophenyl)-4-methyl-1-pentyn-3-yloxy]-1 ,2,5-thiadiazol-4- 
yloxy)-1-azabicyclo[2.2.1lheptane, oxalate from endo 3-(3-butylsulfonyl-1 ,2,5- 
thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane, oxalate (example 8) and 1-(3- 
chlorophenyl)-4-methyl-pent-1-yn-3-ol. Yield: 69%. M.p. 1 13-11 5°C. Compound 
45. 

FX AMPLE 13 

•• The following compounds were made in the same manner as described in exam- 
ple 4 by using the reagents indicated, except that the title compounds were pre- 
cipitated as tartrate in isopropanol: 

Endo 3-(3-[3-(3-chlorophenyl)-2-propynyl-1 -oxy)-1 ,2,5-thiadiazol-4-yloxyl-1 - 
azabicyclo(2.2.1]heptane, tartrate from endo 3-(3-butylsulfonyl-1 ,2,5-thiadiazol- 
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4-ylaxy)-1-azabicyclo[2.2.1]heptane {example 8) and 3-(3-chlorophenyl)-prop-2- 
yn-l-ol. Yield: 78%. M.p. 148-149°C. Compound 46. 

Endo a-O-O-IS^-difluorophenyD-Z-propynyl-l-oxyl-l^^-thiadiazol^-yloxyl-l- 
azabicyclo[2.2.1]heptane # oxalate from endo 3-(3-butylsulfonyl-1 ,2,5-thiadiazol- 
4-y!oxy)-1-azabicyclo[2.2.1]heptane (example 8) and 3-{3,5-difIuorophenyl)-prop 
2-yn-l-ol. Yield: 98 %. M.p. 121-123°C. Compound 47. 

FX AMPLE 14 

The following compounds were made in the same manner as described in exam- 
ple 1 3 by using the reagents indicated, except that the title compounds were pu 
rified by column chromatography before precipitating as a tartrate: 

Endo 3-(3-[1 -(2-pyridyl)-4-methyl-1 -pentyn-3-yloxy)-1 , 2,5-thiadiazol-4-yloxy)-1 - 
azabicyclo[2.2.1]heptane, tartrate from endo 3-(3-butylsulfonyl-1 ,2,5-thiadiazol- 
4-yloxy)-1-azabicyclo[2.2.1]heptane (example8) and 4-methyl 1-(2-pyridyl)-pent- 
1-yn-3-ol. Yield: 71%. M.p. 101-103°C. Compound 48. 

Endo 3-{3-[1 -(3, 5-dichlorophenyl)-4-methyl-1 -pentyn-3-yloxyH ,2,5-thiadiazol-4- 
yloxy)-1-azabicyclot2.2.1]heptane, tartrate from endo 3-(3-butylsu!fonyl-1 ,2,5- 
thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane (example 8) and 1-(3,5- 
dichlorophenyl)-4-methyl-pent-1-yn-3-ol. Yield: 48%. M.p. 179-1 81 °C. Com- 
pound 49. 

Endo 3-(3-[1 -(3,5-difluorophenyl)-4-methyl-1 -pentyn-3-yloxy]-1 ,2,5-thiadiazol-4- 
yloxy)-1-azabicyclo[2.2.1]heptane, tartrate from endo 3-(3-butylsulfonyl-1 ,2,5- 
thiadiazol-4-yloxy)-1-azabicyclo[2.2.1]heptane (example 8) and 1-(3,5- 
difluorophenyl)-4-methyl-pent-1-yn-3-ol. Yield: 40%. M.p. 158-160°C. Com- 
pound 50. 
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Endo 3-(3-[3-(2-thiazolyl)-2-propyn-1-yloxy]-1 ,2 / 5-thiadiazol-4-yloxy)-1 - 
azabicyclo[2.2.1]heptane, tartrate from endo 3-(3-butylsulfonyl-1 ,2,5-thiadiazol 
4-yloxy)-1-azabicyclo[2.2.1]heptane (example 8) and 3-(thiazolyl)-2-propyn-1-ol 
Yield: 22%. M.p. 114-11 6°C. Compound 51 . 



